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Objective: The aim of this study was to investigate changes in physical activities during pregnancy and
the relationship between physical activity and unplanned caesarean sections (CSs).
Materials and methods: A cohort study design was carried out. A cohort of 2029 pregnant women was
established when they received prenatal care at 18e22 weeks of gestation in a medical center in
southwest Iran. Participants were asked to recall their levels of physical activity during pre-pregnancy.
The data were processed using Statistics/Data Analysis. To compare activities the chi-square was used
to identify signiﬁcant differences between the groups. A multiple logistic regressian was used to identify
the association between activities and delivery mode as well as controlling potential confounding var-
iables. In the analyses, the level of signiﬁcance was set at P < 0.05.
Results: In total, 2029 pregnant women participated in the study, among which 1334 (65.84%) under-
went CSs and 692 (34.16%) underwent NVDs. The study indicated the odds ratio of CS was 0.68 (95% CI:
0.47e0.97) for a pregnant woman who increased her level of activity during pregnancy compared to pre-
pregnancy.
Conclusion: The results of this study showed that regular and standard physical activities during preg-
nancy can reduce the risk of caesarean section in pregnant women. These ﬁndings can be important in
convincing health care providers to prescribe regular and standard physical activities for pregnant
women during pregnancy.
© 2018 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Pregnancy is a unique and special experience and its appro-
priate management promotes the physical and mental health of
pregnant women. There are few events in life that may have such
considerable physical, emotional and social effects on lives of the
woman and her family [1]. During pregnancy, physical and mental
aspects of women undergo a series of changes in both visible andHealth Promotion Research
bad, Iran.
ansori).
Gynecology. Publishing services b
 User (n/a) at Iran University of Medi
nly. No other uses without permissioinvisible ways. Lack of a correct understanding may have un-
pleasant side impacts on physical and mental health. For instance,
one of the common misbeliefs regarding pregnancy is that physical
activities and performing exercise during pregnancy are problem-
atic and that rest is the best option. Even in developed societies
until 1985, recommending pregnant women to have rest was
common among health care providers [2]. Unlike this erroneous
belief, it should be noted that if scientiﬁc principles regarding ex-
ercise prescription be respected, performing exercise during preg-
nancy will be very valuable. The purpose of doing exercise during
pregnancy is to maintain and promote physical ﬁtness not
increasing athletic abilities [3].y Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
cal Sciences from ClinicalKey.com by Elsevier on July 22, 2019.
n. Copyright ©2019. Elsevier Inc. All rights reserved.
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variety of daily activities with more vitality; as a result, the risk of
diseases caused by physical inactivity are reduced [4]. Recently,
according to the recommendations of the American College of
Obstetricians and Gynecologists (ACOG), a large number of women
have embarked on conducting exercise during pregnancy [5]. Evi-
dence has shown that exercise has beneﬁcial effects, even on those
pregnant women who were sedentary before pregnancy [6]. Exer-
cise is one of the best ways to reduce the adverse effects of preg-
nancy. It, in labor and delivery process, reduces pain and intensity
and meanwhile improves heart and lung functions [7e10]. Also,
through post-delivery exercise, the person returns more quickly to
her pre-pregnancy shape, increasing her capabilities regarding the
activities related to neonatal care [11].
There are many complications with pregnancy, one of the most
important of which is cesarean section. Caesarean section is a major
surgery that involves incising abdominal skin, the muscles under it
and uterine lining. A Caesarean section is often performed when
virginal delivery would put the baby's or mother's life or health at
risk [12]. Given that cesarean section has always been one of the
complications of pregnancy, medical experts trying with their
utmost efforts to reduce the incidence of C-sections; however, the
trend of this complication is so on the rise that in 2012 about 23
million C-sections were carried out globally [13,14]. In Iran, ac-
cording to ofﬁcial statistics, the rate of cesarean is estimated to be
about 35 percent; that is, three times as many as the global rate
[15]. In some Iranian hospitals, this ﬁgure has reached up to 80
percent. According to unofﬁcial statistics, Iran is the record holder
of caesarean section in the world. Based on the abovementioned
statistics, 75 percent of cesarean sections in Iranwere not necessary
[15].
The high rate of the caesarean section in the countrymay be due
to cultural, economic, professional and physical factors. In the
cultural dimension, the problem roots in the misbeliefs that are in
favor of cesarean section (such as considering it to be a modern or
scientiﬁc method that reduces complications for both mothers and
infants) and against vaginal delivery. Financially, the hospitals and
specialists are themain beneﬁciaries of performing cesarean.When
it comes to professional factors resulting in high rate of cesarean,
lack of attention to training and preparing pregnant women and
low quality of services for carrying out natural delivery are of the
main importance. Finally, regarding the physical factors of the large
number of cesarean sections in Iran, lack of proper education and
practice in terms of diet, nutrition and exercise makes mothers feel
they do not have the stamina for vaginal delivery [17]. Probably
doing exercise during pregnancy is an optimal intervention for
promoting the physical and mental health of women both across
and after pregnancy [18]. However, the effect of physical activity
during pregnancy on the type of delivery is still controversial and
published studies on physical activity during pregnancy are
insufﬁcient.
Therefore, considering the abovementioned issues and the un-
certainty there is about the effects of physical activity on the mode
of delivery and the vaginal delivery priority in health care and also
given that no study has been done in this area in Iran, this study
was designed and conducted to investigate changes in physical
activity during pregnancy compared to pre-pregnancy and their
effects on the mode of delivery.
Methods
This study used a prospective cohort design. The data were
collected, from September 2012 to February 2013, during ap-
pointments for routine ultrasound examinations at 18e22 weeks of
gestation in a prenatal clinic in a medical center situated inDownloaded for Anonymous User (n/a) at Iran University of Medical S
For personal use only. No other uses without permission. Cosouthwestern Iran by random sampling, that is explained in detail
in another study [19]. 2029 pregnant women were enrolled at the
time of receiving prenatal care at 18e22 weeks of gestation.
The selection criteria were ﬁrst time pregnant women who: [1]
were aged over 14 years [2], had a singleton fetus [3], had no
medical-surgical or obstetric complications [4], could speak Persian
and [5] agreed to participate in the study. The exclusion criterion
was having planned to undergo a CS in advance.
The study was approved by the Human Research Review Board
of Shiraz University of Medical Sciences. ID Research: No. 2013-
6597, 20.12.2013. Each mother provided written informed consent
before she was allowed to participate. A cohort of 2029 pregnant
women was established. After obtaining a permit from the Uni-
versity, a trained health practitioner at the prenatal clinic explained
the purpose of the study to thewomen and obtained their consents.
Then, the study subjects were asked to ﬁll out some questionnaires
which are explained in detail in another study [19]. Women who
were at 18e22 weeks of gestation were asked to recall their levels
of physical activity before pregnancy with the question of “in
general, comparing to before pregnancy, how much your activities
(exercise or chores) have changed during pregnancy?” and the
answers were classiﬁed into the three classes of “Decreased”, “Not
changed”, “increased”.
The data were processed using the Statistics/Data Analysis
(STATA.12 College Station, Texas USA). Descriptive statistics in-
cludes the frequency, percentage and frequency distribution of
variables. The baseline characteristics of the two groups were
compared using the chi-square test and t-test. To compare activities
(exercise or chores) during pregnancy and pre-pregnancy, and to
identify signiﬁcant differences between the groups, the chi-square
was employed. A multiple logistic regression was used to identify
the association between activities (exercise or chores) during
pregnancy and pre-pregnancy and delivery mode as well as con-
trolling potential confounding variables. Goodness-of-ﬁt (Nagel-
kerke R2) is the proportion of heterogeneity of mode of delivery
explained by the independent variables in the model. Its value
ranges from 0 to 1 and is directly related to the explanatory power
of the model. The signiﬁcance level was set at P < 0.2 for univariate
analyses and P < 0.05 for multiple analyses.
Results
Formation of the study cohort is shown in Fig. 1. Women with
Multiparas and a non-live fetus were excluded.
In total, 2029 pregnant women participated in the study, among
which 1334 (65.84%) underwent CSs and 692 (34.16%) underwent
NVDs. Most of the participants (89.26%) were aged between 19 and
34 years; more than seven-tenths of the mothers had an educa-
tional level of 9e12 years or above; the majority (87.88%) of par-
ticipants had not worked outside home; the mean birth weight for
the study participants' infants was 3107.01 (SD ¼ 514.4333,
range ¼ 50e7600 g). The average gestational age was 38.74 weeks.
More than half (55.92%) of the participants had decreased exercises
or chores during pregnancy.
There were no signiﬁcant differences in the type of pregnancy,
history of abortion and stillbirth, birth height and head circum-
stance, between participants who underwent CSs and those who
underwent NVDs (Table 1).
Activities (exercises or chores) during pregnancy, compared to pre-
pregnancy, inﬂuences the birth pattern
Logistic regression was used to analyze the characteristics of
activities (exercises or chores) during pregnancy, compared to pre-
pregnancy, in women who underwent CSs. Those independentciences from ClinicalKey.com by Elsevier on July 22, 2019.
pyright ©2019. Elsevier Inc. All rights reserved.
2,029 nulliparous pregnancy  
Exclusions:  
2,185 Mulparas 
3 miscarriage 
4,217 deliveries were recorded 
during the study period 
(September 2012 to February 2013) 
2,029 nulliparous pregnancy  
1,334 CS and 692 NVD 
Fig. 1. Number of nulliparous pregnancies throughout the study period after exclusions.
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variate analysis, were: location of receiving health care services,
maternal age (years), age of marriage, mother's level of education,
Socio-economic level, gestational age, occupation, birth weight (g)Table 1
Demographics and characteristics of the whole study population (n ¼ 2029).
Variables Total (N ¼ 2029)b % N
Location of receiving health care services
Private clinics 786 (38.74) 1
Public clinics 1243 (61.26) 5
Maternal age (years)
<19 Years 167 (8.23) 8
19-34 Years 1811 (89.26) 5
>34 Years 38 (1.87) 9
Age of marriage
<19 Years 530 (26.12) 2
19-34 Years 1441 (71.02) 4
>34 Years 12 (0.59) 4
Mother's level of education
<8 Years 554 (27.43) 2
9-12 Years 1040 (51.49) 3
>12 Years 426 (21.09) 9
Scio-economic Level
Low level 443 (22.17) 1
Moderate level 1511 (75.63) 4
High level 44 (2.20) 9
Gestational age 38.74 ± 2.69 3
Type of pregnancy
Wanted 1855 (91.79) 6
Unwanted 166 (8.21) 6
Occupation
Not working outside home 1769 (87.88) 6
Working outside home 244 (12.12) 4
History of Abortion and stillbirth
Yes 30 (1.48) 8
No 1993 (98.52) 6
Birth weight (g)a 3107.01 ± 514.43 3
Birth Heighta 50.00 ± 4.58 5
Head circumstance 35.28 ± 5.36 3
Changing activities (exercises or chores) during pregnancy compared to b
Decreased 1110 (55.92) 3
Not Changed 676 (34.06) 2
Increased 199 (10.03) 8
*NVD, Normal Vaginal Delivery; CS, caesarean section. ** Chi square test, *** Tw
Italic indicates signiﬁcant level was P < 0.05.
a Values are presented as mean ± SD.
b In some subgroups of the data we've been system missing.
Downloaded for Anonymous User (n/a) at Iran University of Medi
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The results indicated that the odds ratio (OR) of a CS was 0.68 (95%
CI: 0.47e0.97) for a pregnant woman increased her level of activity
(exercises or chores) during pregnancy compared to pre-pregnancy
(Table 2).Discussion
Different studies have shown that physical activities during
pregnancy have many beneﬁts for maternal and fetal health; for
instance, it can reduce the risk of preterm delivery, gestational
diabetes, and possibly preeclampsia. However, few studies have
examined the effect of physical activities during pregnancy on the
type of delivery. The researchers stress the need for performing
further investigations in this area. Therefore, the present study as a
prospective cohort study was designed and implemented with the
aim of comparing physical activities during pregnancy with pre-
pregnancy, and their impacts on the type of delivery (natural or
cesarean). The results of this study showed that physical activities
of more than half of the women studied had been decreased during
pregnancy compared to pre-pregnancy (55.92%), and there was a
statistically signiﬁcant difference between the two groups of
women with vaginal delivery and caesarean section in terms of
maternal healthcare location, marriage age, maternal education
level, socioeconomic status, gestational age, mother's employment
status, and infant's birth weight. The results also showed that after
adjustment for the effects of confounding variables in the logisticVD* (n ¼ 692) % C/S* (n ¼ 1334) % P-value
68 (24.28) 617 (46.25) <0.001**
24 (75.72) 717 (53.75)
2 (11.94) 85 (6.41) <0.001
96 (86.75) 1212 (91.40)
(1.31) 29 (2.19)
13 (31.51) 316 (24.23) 0.002
59 (67.90) 980 (75.15)
(0.59) 8 (0.61)
67 (38.86) 287 (21.58) <0.001
24 (47.16) 714 (53.68)
6 (13.97) 329 (24.74)
72 (25.33) 270 (20.52) 0.01
98 (73.34) 1011 (76.82)
(1.33) 35 (2.66)
9.28 ± 3.25 38.41 ± 1.84 <0.001***
30 (91.30) 1222 (92.02) 0.58
0 (8.70) 106 (7.98)
40 (93.16) 1127 (85.19) <0.001
7 (6.84) 196 (14.81)
(1.16) 22 (1.65) 0.38
82 (98.84) 1308 (98.35)
142.05 ± 457.88 3093.55 ± 527.92 0.04
0.29 ± 4.77 49.83 ± 4.29 0.06
5.41 ± 6.63 35.08 ± 3.80 0.27
efore pregnancy
48 (51.79) 759 (57.94) 0.002
36 (35.12) 440 (33.59)
8 (13.10) 111 (8.47)
o sample independent t-test.
cal Sciences from ClinicalKey.com by Elsevier on July 22, 2019.
n. Copyright ©2019. Elsevier Inc. All rights reserved.
Table 2
Multiple logistic regression model by Backward Wald variable selection for
explaining effects of changing activities (exercises or chores) during pregnancy
compared to before pregnancy on birth pattern.
Variables Wald Sig OR 95% CI for OR
Lower Upper
Changing Activities
Decreased 0.03 0.97 1.00 0.80 1.25
Not Changed e e 1.Ref e e
Increased 2.09 0.03 0.68 0.47 0.97
Location of receiving health care services
Private clinics 5.81 <0.001 2.01 1.58 2.54
Public clinics e e 1.Ref e e
Maternal age (years)
<19 Years e e 1.Ref e e
19-34 Years 1.72 0.08 1.43 0.95 2.16
>34 Years 1.99 0.04 3.30 1.01 10.78
Mother's level of education
<8 Years e e 1.Ref e e
9-12 Years 3.38 0.001 1.53 1.19 1.97
>12 Years 3.53 <0.001 1.90 1.33 2.71
Gestational agea 7.65 <0.001 0.70 0.64 0.77
Nagelkerke R2 0.153
Bold indicates signiﬁcant level was P < 0.05.
a Continuous variable.
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most important factors inﬂuencing the prediction of the type of
delivery: physical activities during pregnancy, maternal healthcare
location, marriage age, maternal education level and gestational
age. In this study, we found an inverse relationship between
physical activities during pregnancy and the type of delivery (OR:
0.68 (95% CI: 0.47e0.97)). Since themain objective of this studywas
to evaluate the effect of physical activities during pregnancy on the
type of delivery, the researchers mainly focused on this issue in the
discussion and conclusion sections.
The results of the present study showed that physical activities of
more than half of the women studied had decreased during preg-
nancy compared to pre-pregnancy, and this was consistent with the
results of other similar studies conducted on pregnant women
[20e24]. In a studybyYi-LiKio inTaiwanwith the aimof studying the
inﬂuence of physical activities during pregnancy on the type of de-
livery, the results showed that 31%of thewomenhaddecreased their
physical activities during pregnancy compared to pre-pregnancy
[20]. Several studies have shown that physical activities, especially
participation in sports and exercises, had been reduced within the
ﬁrst 20 weeks of pregnancy compared to pre-pregnancy. In fact,
mothers instinctively reduce the intensity of their activities during
pregnancy, but this should not cause them to avoidphysical activities
and sport participation. Performing physical activities during preg-
nancy would maintain women's ﬁtness, and pregnant women need
to do at least 30 min of physical activities every day [17,25,26].
In the present study, performing physical activities during
pregnancy was considered to be an important factor in predicting
the type of delivery, since fewer caesareanwere reported among the
women with higher physical activities during pregnancy (OR: 0.68,
95% CI: 0.47e0.97). This ﬁnding was consistent with the results of
the studies conducted in this area. In a study by Timothy J et al. with
the aim of examining the relationship between physical activities
and the type of delivery inAmerica, after adjustment of confounding
variables, the odds ratio of cesarean section among women who
were not physically active was 4.5 times more than those who did
physical activities (OR: 2.48, 95% CI: 1.23e16.23)) [24]. Furthermore,
Zeanah and Schlosser showed that vaginal delivery occurred
signiﬁcantly more among women who were physically active [27].
A systematic review and meta-analysis done by Domenjoz I to
investigate the impact of physical activities and the type of deliveryDownloaded for Anonymous User (n/a) at Iran University of Medical S
For personal use only. No other uses without permission. Coin 16 randomized clinical trials (RCT) with 3359 participants
implied that the risk of cesarean section for the women with
physical activities was signiﬁcantly lower (RR: 0.85, 95% CI:
0.73e0.99) [28]. Also, another meta-analysis study in 2015 showed
that performing physical activities during pregnancy increases the
chance of normal delivery. However, the researchers stressed the
need for further research in this ﬁled [29]. Emilie Nor Nielsen and at
al. in a multicenter cohort study published in Danish indicated that
increasing levels of physical activity reduces odds of caesarean
considerably and also women with a low activity level, in com-
parison with moderately active women, were 28% more likely to
experience different complications of delivery [30]. Conducting
exercise during pregnancy is aimed at maintaining or increasing
physical ﬁtness. Physical ﬁtness allows pregnant women to do a
variety of daily activities with more vitality. Hence, the risk of
physical ailments caused by physical inactivity might decrease
[3,31]. Evidence shows that exercise during pregnancy has positive
effects, even for womenwho had been sedentary before pregnancy.
Exercise is one of the perfect ways to reduce the adverse effects of
pregnancy including insomnia, Spinal Column pain in the back,
waist and hips, constipation, urinary incontinence, high blood
pressure, gestational diabetes and anxiety. Exercise reduces pain
even in the delivery process and improves lung function
[7e10,32e35].
Abdominal muscles together with the diaphragm and pelvic
ﬂoor muscles increase the intra-abdominal pressure for disposal
activities (cough as well as urine and feces and vomit). That is why
strengthening these muscles by doing physical activities may
probably have a signiﬁcant role in facilitating delivery. On the other
hand, in many women, inguinal ligaments and muscles as well as
those of the hip and lower extremities, especially the thigh and
back leg adductors, have been shortened due to a sedentary life and
this might cause paralysis of the posterior pelvis and the childbirth
may be faced with problems [36].
It seems that stretching the thigh and back leg adductors and
resistance exercises of abdominal and pelvic ﬂoor muscles help
these women to more easily turn to and keep their natural delivery
positions. Therefore, on the one hand, standard exercises for
pregnant women can make them more prepared physically and
mentally, and on the other hand, prepare them to turn to natural
delivery positions. Since pregnant women may not turn to natural
delivery positions by doing normal daily activities and the only way
to make this type of adjustment is through exercise. Educating
pregnant women and helping them develop correct exercise habits
can increase the chance of natural delivery and avoid caesarean
section [24,36].
Conclusion
The results of this study showed that standard physical activity
during pregnancy can reduce the risk of caesarean in pregnant
women. Therefore, It is recommended that medical professionals
prescribe regular and standard physical activities for pregnant
women during pregnancy and motivating them to preform
exercise.
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